Background: The etiology and laboratory characteristics of large symptomatic pericardial effusion (LSPE) in the Western world have evolved over the years, and vary between regions, community and tertiary hospitals. Methods: We reviewed data of 86 consecutive patients who underwent pericardiocentesis or pericardial window due to LSPE in a community hospital from 2001 to 2010. The characteristics of the PE including chemistry, hematology, bacteriology, serology and cytology have been analyzed. We correlated the etiologies of PE with age, gender and clinical presentation. Results: The most frequent etiology of LSPE was idiopathic [36% (77% with a clinical diagnosis of pericarditis)], followed by malignancy (31.4%), ischemic heart disease (16.3%), renal failure (4.6%), trauma (4.6%) and autoimmune disease (4.6%). The average
Introduction
The etiology of pericardial effusion (PE) varies according to regional variation, the medical history and the demographic characteristics of the population being studied.
1,2 Moreover, the major causes of PE in the Western world have evolved substantially in the past four decades. In the 1960s, large PE associated with cardiac tamponade was most commonly related to rupture of a syphilitic or dissecting aneurysm of the aorta, whereas 20 years later it was most commonly associated with myocardial infarction, malignancy and tuberculosis. [3] [4] [5] [6] [7] [8] [9] [10] Although the epidemiology of diseases is continuously changing, the etiology and clinical presentation of large symptomatic PE (LSPE) in a community hospital in the Western world in the beginning of the current century have not yet been fully elucidated. Defining the etiological spectrum of LSPE may aid in selecting the best diagnostic and therapeutic approach. We therefore reviewed the records of patients who have undergone therapeutic pericardiocentesis or pericardial window due to LSPE in a community hospital since 2001, with the goal of establishing the current etiology, clinical characteristics and laboratory findings in these patients.
Methods
The hospitals' Institutional Review Board approved the study (approval no. 0068/11). The charts of consecutive patients who were admitted to Western Galilee Medical Center between 1 January 2001 and 31 December 2010 were identified by an electronic medical records database search for 'pericardial effusion' with either 'pericardiocentesis', 'pericardial window' or 'cardiac tamponade'. Demographic data, medical history, medications use, hospital course, laboratory results as well as the discharge diagnosis were obtained from the hospital chart. The criteria used for classification of the pericardial fluid as well as the definition of transudative and exudative pericardial fluids 11 are presented in Table 1 . Only the finding of positive cell cytology or recent chest irradiation defined the PE as malignancy-associated PE.
Large pericardial effusion was defined as 520 mm in at least one view of two-dimensional transthoracic echocardiography. Cardiac tamponade was defined according to commonly used criteria. 12 According to hospitals' policy, pericardial fluid was routinely analyzed for gross appearance, cell count, glucose, total protein, lactate dehydrogenase (LDH), cytology, serology as well as cultures and stains for bacteria, fungi and mycobacterium.
The total volume of the evacuated fluid was also recorded. Pericardial biopsy was performed in all cases that have undergone a pericardial window.
Statistical analysis
Categorical variables are reported as frequencies and percentages and continuous variables as mean AE standard deviation. Descriptive variables were compared by student t-test and categorical variables by chi-square test. To study the association of qualitative variables (e.g. fever, chest pain) with the major etiological categories [idiopathic, malignancy, ischemic heart disease (IHD)], we used chi-square test or Fisher's exact test. To study the association of the major etiological categories (idiopathic, malignancy, IHD) and the categorical or continuous variables we used one-way analysis of variance or Kruskal-Wallis tests, as needed. All analyses were conducted with SPSS version 19 (Chicago, IL, USA) and P-value <0.05 was considered statistically significant.
Results
In all cases, pericardiocentesis or pericardial window was performed due to signs or symptoms of right heart failure, pericardial tamponade or pretamponade. Pericardial window was performed in 30 patients (35%), of those 14 had malignant PE.
Clinical findings
The average age was 58.5 AE 20 years (range 12-93). The group included 41 women, age 59 AE 21 (range The etiology of the effusion could not be determined from the chart or by the attending physician, or a viral etiology was suspected but could not be confirmed by laboratory tests Exudative effusion 12-93), and 45 men, age 59 AE 22 (range 15-90). The average age of all the etiological groups except for trauma was >50 years (only 7% of the patients were under the age of 17 years). Cardiac tamponade was clinically diagnosed in 40 patients (46.5%). The clinical symptoms of patients with LSPE are presented in Table 2 . The most frequent symptom in the whole study cohort was dyspnea (76.6%). Chest pain was the most frequent symptom in patients with idiopathic etiology (58.06%), yet we did not find a correlation of a specific etiology with the presence of chest pain (P = 0.375). Fever was noted in 27.9% of patients, and it was more frequent in patients with idiopathic etiology (58.06%) and autoimmune diseases (50%). We did not find any interaction between the etiology of the PE and other symptoms or clinical findings, such as weakness, palpitations and cough.
Etiology
The medical history and the past diagnoses of the patients are presented in Table 3 . Four patients had autoimmune disease (two with systemic lupus erythematosus, one with Behcet's disease, one rheumatoid arthritis). Bloody PE was noted in 65% of patients, serous PE in 21% and serosanguinous in 7%. The most frequent condition in the medical history of patients with LSPE was the use of anticoagulant or antiplatelet drugs (27 patients, 31.4%), especially aspirin (20 patients). Five patients received warfarin only, and two received warfarin plus aspirin. In those receiving anticoagulant or antiplatelet drugs, bloody or serosanguinous PE (62%, 11%, respectively, total 73%) was more common, yet not significantly (P = 0.11). We also did not find a correlation between the etiology and the gross appearance of PE in the three major etiological categories (P = 0.237).
The presumed etiologies of PE are presented in Table 4 . The most frequent etiology was idiopathic-36% of cases (77% with a clinical diagnosis of pericarditis), followed by malignancy-31.4%, and complications of IHD (16.3%). There were no cases of human immunodeficiency virus (HIV) infection, and no cases of bacterial pericarditis. We had one patient with past tuberculosis who was diagnosed as having a malignant pericardial effusion. There was no association of any specific etiology with gender (P = 0.538).
Laboratory findings
Laboratory tests including chemistry, hematology, bacteriology, viral serology and cytology rarely contributed to the diagnostic process were mainly helpful in excluding specific causes and did not change the pre-procedural diagnosis in any of the patients. The mean PE volume was 926 AE 486 ml. Exudate was diagnosed in 61 patients (71%) and transudate in 19 (22%). In six patients, we were unable to determine the nature of the PE according to established criteria. 11, 13 As presented in Table 5 , exudates were significantly more frequent in the idiopathic and malignancy groups (83.9% and 86.4%, respectively, P = 0.033, compared with all other etiological groups). We did not find an association of gender with the gross appearance of the pericardial fluid (P = 0.792).
PE culture was sterile in all 86 patients. Tuberculosis culture and acid-fast staining were also negative in all patients. Cell cytology was positive in 13 patients (15%), all with pre-procedural proven malignancy. Viral PE serology was positive in three patients (hepatitis B or hepatitis C), yet these patients were known as chronic carriers of these viruses, and their PE was considered as caused by other etiologies. The volume of the evacuated PE due to renal failure was the largest on average (1467 AE 1387 ml). Highest cell counts were found in the malignancy group (4068 cells/ml), followed by trauma (3500 cells/ml) and IHD (3277 cells/ml). Bloody or serosanguinous effusion had a hemoglobin level of 1.21 g/dl on average, compared with serotic PE with 0.2 g/dl (P < 0.001). The volume of bloody and serosanguinous PE was slightly lower (802.35 AE 64 ml) than the volume of serotic PE (912 AE 113.8 ml) (P = 0.91).
Discussion
The major finding of our study is that the most frequent etiology of LSPE with or without cardiac tamponade in the first decade of the 21st century in a community hospital in a Western country is idiopathic, accounting for more than a third of cases; however, malignancy is now the second frequent etiology, accounting for 31% of cases, probably reflecting the increasing incidence of cancerous diseases worldwide. Moreover, we did not find a single case of active tuberculosis or bacterial pericarditis.
Although our medical center routinely performs a large number of catheter-based diagnostic and therapeutic cardiovascular procedures including primary percutaneous coronary interventions, balloon valvuloplasty, pacemaker and cardiac resynchronization therapy device implantation, as well as leftand right-sided arrhythmia ablations, the traumatic and iatrogenic etiologies in our study are not as common as previously reported.
14 A review of studies published since 1981 reveals that cardiac surgery and catheter-based cardiac procedures have increasingly become a major etiology of cardiac tamponade. 9, [15] [16] [17] [18] In the series of patients described by Hayes and colleagues, 16 cardiac surgery and catheter-related complications accounted for 28% of cases of cardiac tamponade. Moreover, in a recently published article from the same institution, 17 9.6% of echocardiographically guided pericardiocentesis were performed in the catheterization laboratory due to cardiac perforation. The low incidence of traumatic and iatrogenic PE in our study may be due to the absence of cardiac surgery on-site in our institution, which may drive us to be more cautious with patient selection.
Referral bias may thus be a potential limitation of our analysis. While this limitation cannot be eliminated, it can be analyzed, based on our hospital's sample area. Our hospital is a community hospital which serves nearly 650 000 residents, a heterogeneous population of patients. It has active infectious diseases, oncology and nephrology services. However, unlike previous reports, 14, 19 we rarely admit patients with acquired immunodeficiency syndrome, and very few patients are diagnosed with culture positive tuberculosis. Nevertheless, we also treat a large population of patients who are at risk of tuberculosis, namely immune-compromised, chronically ill and elderly patients.
The absence of tuberculosis as an etiology for pericardial effusion is consistent with other studies published over the last three decades from Europe and the USA showing a decrease in the prevalence of tuberculous pericardial disease. 6, 8, 11, 19, 20 In a series published by Meyers et al.
11 on the usefulness of diagnostic tests on pericardial effusion, all 110 effusions assessed for mycobacterium were culture negative, and in a more recent study, all 259 studies in a cohort of patients with large PE were negative for tuberculosis or bacteria. 21 Our study may thus not reflect the whole spectrum of possible etiologies in a tertiary medical center in the Western world, which has an active HIV clinic or a large and active cardiovascular surgery on-site, and does not also reflect the spectrum of etiologies in underdeveloped countries. 2 Yet, we do believe that our results reflect the current spectrum of etiologies in a community hospital in the Western world.
Our findings may be limited by the diagnostic protocol we used. The etiology of the PE in some of the cases may have been defined differently if a more extensive evaluation of the PE, including polymerase chain reaction (PCR) and viral genomic studies would have been performed. However, in a recent study 21 of 259 patients in a tertiary hospital, who underwent therapeutic or diagnostic pericardiocentesis due to large to moderate pericardial effusions, pericardial fluid, epicardial and pericardial biopsies, and blood samples were analyzed by PCR for cardiotropic microbial agents. Cytology, histology, immunohistology of tissue and fluids and laboratory tests were also performed. Of the 259 patients, 35% suffered from an autoreactive (i.e. ''idiopathic'') etiology, 28% suffered from a malignant and 14% from an infectious cause. Albeit the extensive diagnostic protocol, the results of this study 21 resemble our study, in which we did not perform such an extensive and expensive evaluation. Moreover, viral genomes were detected in only 16% of patients with malignant PE, and their discovery did not modify the pre-procedure diagnosis or patients' management. It is noteworthy to mention that in traumatic and iatrogenic PE, viral genomes were detected in 12% of patients as well. 21 From these data, it is evident that an extensive diagnostic evaluation of pericardial fluid has a low yield of positive results. Nevertheless, a more extensive laboratory analysis of LSPE may be warranted especially in patients at risk of intrapericardial infection such as immuno-compromised patients, and in patients who present with fever of unknown etiology. Thus, a simplified approach such as spinning-down a sample of pericardial fluid for cytology and performing acid-fast and gram staining and routine culture may be more cost effective.
Sixty-five percent of all cases that presented LSPE at our hospital had bloody pericardial effusions, and additional 7% had serosanguinous effusion. In previous studies 11, 14 hemorrhagic or serosanguinous pericardial effusions were found in 72% and 64% of cases, and all postpericardiotomy, rheumatologic and traumatic effusions were bloody. Yet it has been reported that pericardial effusions due to rheumatologic etiology or postpericardiotomy syndrome may be clear, serosanguinous or bloody. 10 Our study has additional limitations to those stated earlier. The study reflects a single center's data with a relatively limited number of patients. The iatrogenic effusions may be low because of the amount of procedures performed in our center. Yet, we believe that our data are representative of a large number of community hospitals in the Western world.
In summary, in a patient population which is reasonably representative of a community hospital in the Western world, the most frequent cause of LSPE is idiopathic, followed by malignancy. Tuberculosis appears to be a rare cause of LSPE in the community setting in the Western world. Nonetheless, tuberculosis should not be excluded as a treatable form of large PE, particularly in those at high-risk of infection. Extensive analysis of the PE adds little, if any, diagnostic value for routine management of patients with LSPE.
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